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generate a seismic wave having a desired frequency;
and a first fluid provided inside the cavity and around the
actuation mechanism and configured to transform the
back and forth movement of the at least one movable
part into a varying pressure that directly acts on walls of
the tank.
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Description
BACKGROUND

TECHNICAL FIELD

[0001] Embodiments of the subject matter disclosed
herein generally relate to methods and systems for gen-
erating seismic waves and, more particularly, to mecha-
nisms and techniques for generating seismic waves with
buried volumetric sources.

DISCUSSION OF THE BACKGROUND

[0002] Permanent monitoring of oil production (e.g.,
reservoir monitoring) can be accomplished by passive
listening or by active sourcing. Passive listening involves
listening with seismic receivers for naturally-occurring
seismic waves while active sourcing involves deploying
seismic sources over a certain area and generating the
seismic waves in a controlled manner. Active sourcing
may use sources provided at the surface of the earth or
sources buried beneath the surface of the earth. Benefits
have been demonstrated from buried sources compared
to surface sources. In particular, it has been found that
sources buried beneath the weathered layer are more
repeatable than surface sources primarily because they
are located in consolidated material in a stable coupling
environment and not subject to changes due, for exam-
ple, to soil moisture content that a surface source might
see. For time-lapse reservoir monitoring a time-invariant
source signal is most helpful.

[0003] Conventionalland seismic generationgenerally
employs multiple vibrators acting together and initiated
simultaneously or randomly. In land-based operations,
the vibrators are positioned at a source location and syn-
chronized to a pilot sweep signal. Once activated, the
vibrators generate a sweep that typically lasts between
five and twenty seconds and typically spans a predeter-
mined range of frequencies. A recording system that is
connected to a plurality of receivers, typically geophones
for land-based seismic exploration, is employed to re-
ceive and record the response data. The vibrators are
then moved to a new source location and the process is
repeated.

[0004] However, existing land sources that are appro-
priate for burying, e.g., piezoelectric stack vibrators, tend
to be relatively low-energy, particularly at low frequen-
cies. Also piezoelectric stack vibrators that undergo axial
extension tend to produce significantly more SV-wave
energy than P-wave. Thus, a more energetic buried
source that also produces more P-wave energy would
be advantageous. Therefore, there is a need to develop
a land source and associated method that are capable
of generating more energy underground than the existing
sources.
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BRIEF SUMMARY OF THE INVENTION

[0005] According to an exemplary embodiment, there
is a land seismic source configured to generate seismic
waves underground. The source includes a tank config-
ured to be buried underground, the tank having a cavity;
an actuation mechanism provided inside the cavity,
wherein the actuation mechanism is configured to have
at least one movable part that moves back and forth to
generate a seismic wave having a desired frequency;
and a first fluid provided inside the cavity and around the
actuation mechanism and configured to transform the
back and forth movement of the at least one movable
part into a varying pressure that directly acts on walls of
the tank.

[0006] According to another exemplary embodiment,
there is a land seismic source configured to generate
seismic waves underground. The source includes an out-
er tank having a cavity filled with a working fluid; an inner
tank provided inside the cavity; and first and second ac-
tuation devices provided inside the inner tank, each of
the first and second actuation devices having a corre-
sponding piston. The working fluid transforms back and
forth movement of the pistons of the first and second
actuation devices into a varying pressure that directly
acts on walls of the outer tank.

[0007] According to still another exemplary embodi-
ment, there is a method for actuating a land seismic
source. The method includes a step of burying the land
seismic source underground; a step of sending com-
mands to an actuation mechanism provided inside a cav-
ity of the land seismic source, wherein the actuation
mechanism is configured to have at least one movable
part that moves back and forth, when instructed by the
commands; and a step of transforming with a first fluid,
provided inside the cavity and around the actuation
mechanism (105), the back and forth movement of the
at least one movable part into a varying pressure that
directly acts on walls of the tank to generate a seismic
wave having a desired frequency.

[0008] According to yet another exemplary embodi-
ment, there is a land seismic source configured to gen-
erate seismic waves underground. The source includes
atank configured to be buried underground, the tank hav-
ing a cavity filled with afluid; and an actuation mechanism
fluidly connected to the tank and configured to pump the
fluid in and out to generate a varying pressure that directly
acts on walls of the tank. The varying pressure generates
the seismic waves.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] For a more complete understanding of the
presentinvention, reference is now made to the following
descriptions taken in conjunction with the accompanying
drawings, in which:

[0010] Figure 1is aschematic diagram of a buried seis-
mic source according to an exemplary embodiment;
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[0011] Figure 2 is a schematic diagram of a seismic
source configured to change its volume according to an
exemplary embodiment;

[0012] Figure 3 is a schematic diagram of a seismic
source and associated controllers configured to change
its volume according to an exemplary embodiment;
[0013] Figures 4A-B are schematic diagrams of a bur-
ied seismic source and fluid reservoirs located on the
surface according to an exemplary embodiment;

[0014] Figures 5A-B are schematic diagrams of a seis-
mic source using a single fluid reservoir according to an
exemplary embodiment;

[0015] Figures 6A-B are schematic diagrams of a seis-
mic source having plural actuating mechanisms accord-
ing to an exemplary embodiment;

[0016] Figure 7 is a flowchart of a method for actuating
a buried volumetric seismic source according to an ex-
emplary embodiment; and

[0017] Figure 8 is a schematic diagram of a computing
device that implements a method for actuating the
source.

DETAILED DESCRIPTION OF THE INVENTION

[0018] The following description of the exemplary em-
bodiments refers to the accompanying drawings. The
same reference numbers in different drawings identify
the same or similar elements. The following detailed de-
scription does not limit the invention. Instead, the scope
of the invention is defined by the appended claims. The
following embodiments are discussed, for simplicity, with
regard to the terminology and structure of a land seismic
source that is buried, for example, in a borehole, for res-
ervoir monitoring. However, the embodiments to be dis-
cussed next are not limited to a borehole seismic source
but may be applied to a surface land source.

[0019] Reference throughout the specification to "one
embodiment” or "an embodiment" means that a particular
feature, structure or characteristic described in connec-
tion with an embodiment is included in at least one em-
bodiment of the subject matter disclosed. Thus, the ap-
pearance of the phrases "in one embodiment" or "in an
embodiment" in various places throughout the specifica-
tion is not necessarily referring to the same embodiment.
Further, the particular features, structures or character-
istics may be combined in any suitable manner in one or
more embodiments.

[0020] According to an exemplary embodiment, there
is a land seismic source that is configured to be buried
underground, for example, in a borehole. The seismic
source is configured to act as a volumetric source, i.e.,
the source has a cavity that hosts an actuation mecha-
nism that can increase and/or decrease the volume of
the source as desired by an operator. The cavity of the
source may be buried so that a tank that hosts the cavity
is in direct contact with the underground. Thus, changes
in the volume of the source are transmitted as waves to
the underground. Alternatively, the cavity of the source

10

15

20

25

30

35

40

45

50

55

may be buried in cement or other materials for a better
interface between the source and the ground. In one ap-
plication, the source generates p-waves and reduced lev-
els s-waves. In stillanother application, the source is con-
figured to emit frequencies in the range of 10 to 200 Hz.
In yet another application, the seismic source is config-
ured to be deployed in a borehole, at a modest depth
between 3 and 100 m. While the source may be deployed
to greater depths, it is noted that the modest depth is
preferred for keeping the cost low because, typically, a
number of buried sources might be deployed as part of
a reservoir monitoring system.

[0021] The novel source may be driven in an impulsive
mode or in a vibratory swept sine mode. For example,
Figure 1 illustrates a seismic source 10 configured to
operate in an impulsive mode. The seismic source 10
includes a tank 12 filled with fluid 14 (e.g., mineral oil or
water) thatis buried underground 16 and in close contact
with the ground. At the surface 18, a pump 20 is used to
feed fluid into the tank 12 and valves 22 and 24 are used
to control the out-flowing and in-flowing of the fluid be-
tween the tank 12 and the pump 20. The pump 20 may
include a power pack and controllers. With these con-
trols, which may be operated remotely via telemetry unit
26 from a central control and recording station 28, it is
possible to build up pressure in the tank that will expand
its volume and then quickly release it, causing a pressure
pulse and generating p-wave seismic energy. Optionally,
a clean-out line equipped with valve 30 may be used to
drain the fluid from the tank 12. A cement plug 32 may
be provided on top of the tank 12 for burying the source,
and a seismic sensor 34 (e.g., hydrophone) may be
placed in the tank 12 for measuring the produced seismic
waves. Also, a pressure transducer 36 may be provided
inside the tank 12 for measuring the fluid pressure acting
on the walls in contact with the earth. This configuration
is best suited when the tank 12 is buried at a shallow
depth because if the inlet and outlet lines are too long
the high frequency output of the system may be compro-
mised due to the fluid inertance imposed by long pas-
sageways. The fluid inertance will tend to limit the rate
at which pressure can change.

[0022] Alternatively, the seismic source may be a vi-
bratory source as illustrated in Figure 2. The source 100
has a tank 102 that includes a cavity 104. An actuation
mechanism (e.g., piston arrangement) 105 is provided
inside the cavity 104 and may include two back-to-back
actuators 106 and 108. The actuators 106 and 108 may
be electromagnetic actuators. The actuation mechanism
may be fixed relative to the tank 102 with a support ele-
ment 109. The support element 109 may be a bracket.
In one application, one or more than two electromagnetic
actuators are used. Each actuator may include a coil
106a or 108a that is configured to electromagnetically
displace a corresponding piston 106b or 108b. Alterna-
tively, the piston may be driven by a motor and cam sys-
tem at a frequency geared to the motor speed.

[0023] The piston motion causes an increase and de-
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crease in the pressure 110 of a working fluid 112 inside
the tank 102, causing an increase and decrease in pres-
sure on the ground 120. These pressure changes cause
a seismic p-wave signal to propagate from the source
into the ground. The frequency of the generated p-wave
may be controlled by controlling the movement of the
pistons 106b and 108b. It is noted that electromagnetic
actuators have a larger displacement than conventional
piezoelectric units.

[0024] To transform the displacement of the pistons
106b and 108b at a low force into a large force with small-
er displacements, as desired for the present volumetric
source, a fluid may be used for coupling, as discussed
next. The volumetric source 100, as already noted above,
is configured to change one or more dimensions and,
thus, its volume when actuated. For this reason, this
source is called a volumetric source. However, because
the tank 102 is made of steel or other similar material,
the source 100 cannotaccommodate overly large dimen-
sional changes. Thus, it is desirable that displacement
of the pistons with low force be transformed into a small
displacement with high force to act on the walls 102a of
the tank 102.

[0025] According to the exemplary embodiment illus-
trated in Figure 2, the piston arrangement 105 is im-
mersed into the working fluid 112 so that the working fluid
112 couples the pistons 106b and 108b to the walls 102a
of the tank 102. At the same time, the working fluid also
cools the coils 106a and 108a. The back sides of the
pistons 106b and 108b form an inner cavity 114. This
inner cavity 114 may be configured to trap another fluid
116 (e.g., air). Thus, the back sides of the pistons 106b
and 108b work against the fluid 116. In this case, the fluid
116 works to counteract the hydrostatic pressure in the
first fluid 104. In other words, the fluid 116 works as a
spring.

[0026] Figure 3 shows the source 100 linked by appro-
priate pipes and/or cables 124 to a controller 130 and a
management module 132. The controller 130 may control
the amount of working fluid and/or current (to the actuator
mechanism) provided to the tank 102. In addition, the
controller 130 may provide telemetry control to the
source. The management module 132 may include pneu-
matic fill, pneumatic monitoring, fluid fill, fluid monitoring,
electrical power, electrical control of the actuators, data
retrieval and data processing functionalities.

[0027] The dimensions of the source 100 may differ
from application to application. For example, the height
H of the source may be between 1 and 3 m. A cross-sec-
tion of the source may be circular, elliptical, etc. If the
cross-section is circular, the radius of the source may be
between 10 and 50 cm. In general, both P-wave and SV-
waves will be produced by the source. As the height of
the tank grows relative to its diameter, the proportion of
SV-wave produced relative to P-wave will increase. A
tank height roughly equal to tank diameter will tend to
maximize P-wave production. Of course, the dimensions
of the pistons may differ from application to application,
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and these dimensions need proper matching to the fluid
volume and borehole contact area.

[0028] The embodiments shown in Figures 2 and 3
may be modified to have, for example, flextensional me-
chanical transformers that are capable of directly acting
on the walls of the tank with no fluid interface. Alterna-
tively, the pistons may be replaced with a diaphragm that
is actuated with the help of valves and fluid lines extend-
ing from the surface. Further, the working fluid could be
pressurizedtoincrease the effective bulk modulus if there
is some entrained air in the fluid and collapse any bub-
bles. This would require the pneumatic pressure to be
increased as well. Optionally, an aluminum slug may be
added to the working fluid to reduce the trapped oil vol-
ume and provide a means to help sink heat into the ce-
ment/rock around the tank. This feature may reduce en-
ergy dissipation, and may also reduce the amount of pis-
ton travel required to achieve the same force. Thus, this
feature may be away to keep the same trapped oil volume
and widen or elongate the device to obtain even more
borehole contact area.

[0029] Figures 4A-B illustrate in more detail an exem-
plary embodiment in which the seismic source includes
a pressurized-nitrogen-filled bladder (or diaphragms) be-
tween the two opposing pistons of Figure 2. The bladder
provides an air-spring to balance the hydrostatic forces
acting on the pistons. More specifically, Figure 4A shows
aseismic source 200 buried underground 202 and having
a cylindrical shape. As noted above, the shape may also
be elliptical. The source 200 includes a tank 204 having
walls 204a in direct contact with the ground 202. In one
exemplary embodiment, the walls 204a are buried in ce-
ment. A diameter D of the source may be around 0.3 m
and a height of the source may be around 1.15 m. Other
dimensions are possible. The tank 204 has a cavity 205
that is filled with a working fluid 220.

[0030] Springs 206 may be provided at ends of the
actuation mechanism 208 for locating it at a central po-
sition in the tank 204. The actuation mechanism 208 may
be the one described in Figure 2, i.e., the actuation mech-
anism 105 having electromagnetic actuated pistons. An
inner cavity 210 is formed between actuation devices 212
and 214 of the actuation mechanism 208 and may be
filled with air or other gas 209 to form an air-spring. The
working fluid 220 is provided inside the cavity 205 of the
tank 204, around the actuation mechanism 208.

[0031] The fluid 220 may communicate through a pipe
222 with a fluid reservoir 224, which is shown in Figure
4B. The fluid reservoir may be located above ground or
near a surface 226 of the ground. The fluid reservoir 224
is configured to include in a lower chamber 224a the
working fluid 220 and in an upper chamber 224b a pres-
surized fluid 226, e.g., nitrogen. The pressurized fluid
226 or the working fluid 220 may be contained by a blad-
der 228 (or piston) and the pressurized fluid 226 is con-
figured to apply a desired hydrostatic pressure on the
working fluid 220 inside the tank 204.

[0032] Similarly, the fluid 209 (e.g., a gas like nitrogen)
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inside the inner cavity 210 may communicate with a res-
ervoir 230 through a pipe 232. An amplifier 234 may be
connected to the actuation mechanism 208 through a
cable 236 for controlling the back-and-forth motion of the
pistons of the actuation mechanism. The amplifier 234
may be controller by a controller 130 as will be discussed
next. The controller 130 may be connected to a telemetry
unit 131 that is configured to receive commands from
and/or transmit source information to a central reservoir
monitoring management system (not shown) located at
a remote location. One purpose of the fluid reservoirs
224 and 230 is now discussed. Whenin use, the actuation
mechanism may produce heat which makes the working
fluid 220 and/or the fluid 209 expand, i.e., increase their
volume. Because this increase in volume may be sub-
stantial, i.e., it may make the pistons shift by tens of cen-
timeters, there is a need to provide a hydrostatic pressure
compensation mechanism. Thus, by using the reservoirs
224 and 230, the hydrostatic pressure difference be-
tween fluids 220 and 209 may be controlled, e.g., equal-
ized.

[0033] Figure 4A also shows flow control elements
222a and 232a that are configured to control a flow of a
fluid through corresponding pipes 222 and 232. These
flow control elements may be orifices or valves that are
used torestrict the dynamic flow of oil. If the passageways
to the reservoir and accumulator at the surface are long,
they will tend to have enough inertance so that dynamic
pressures due to piston motion in the cavity 220 are not
significantly diminished. However, if the passageways
are short, it might be necessary to install either orifices
or poppet valves that can be opened and closed at the
surface to close off these passageways when the pistons
are activated during the sweep. The flow control ele-
ments can then open them when the source is not swept
to equalize the hydrostatic pressure, if needed.

[0034] The seismic source 200 may be modified as
shown in Figures 5A-B. Source 300 shown in Figures
5A-B includes most of the elements of source 200 and,
for this reason, those elements have the same reference
number as in Figures 4A-B. A description of these ele-
ments is omitted herein. However, one difference relative
to the source of Figures 4A-B is that the inner cavity 210
is replaced by an oil spring mechanism 302. The oil spring
mechanism 302 is achieved by using an inner tank 304
having solid walls, for example, made out of steel. The
inner tank 304 is filled with oil 306 and has a volume V1.
The working fluid 220 provided between the tank 204 and
the inner tank 304 has a volume V2. In one application,
the volume V1 is larger than the volume V2, to ensure
that the oil spring created by V1 is much smaller than the
oil spring created by V2, thus guaranteeing that most of
the force created by the motion of the pistons goes into
increasing the dynamic fluid pressurein V2 to impart seis-
mic vibrations into the surrounding rock formation. The
trapped fluid volume in V2 can be reduced as mentioned
before by including, for example, an aluminum slug in
the outer cavity. The source 300 has a higher resonance
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than the source 200 because the oil spring mechanism
is stiffer than the air-spring of source 200.

[0035] In one embodiment, the working fluid 220 and
the fluid 306 are the same. In this case, a small orifice
310 to provide a leakage path between the working fluid
220 of the tank 204 and the fluid 306 of the inner tank
304 so that the two fluids communicate with each other.
The orifice is sized so that the flow rate between the inner
and outer tanks is small enough to block any rapid dy-
namic pressure difference, but large enough to allow for
hydrostatic fluid pressure equalization. This equalization
relieves any static pressure buildup between the outer
and inner piston face so that the DC current supplied to
for example a linear electrodynamic actuator is zero and
additional heat is not generated by any DC current that
might otherwise have to be applied to keep the piston
centered in its range of travel. Thus, the reservoir 224 is
configured to handle the thermal fluid expansion by main-
taining a balanced hydrostatic pressure without the need
of a gas filled cavity 210 and gas reservoir 230, as in the
embodiment shown in Figures 4A-B.

[0036] Another exemplary embodiment is discussed
with regard to Figures 6A-B. A seismic source 400 has
an outer tank 402 that is also buried underground. The
outer tank 402 has a cavity 403 configured to accommo-
date an actuation system 404. The actuation system 404
includes an inner tank 406 that includes two actuator de-
vices 408 and 410. The two actuator devices may be
identical. An example of an actuator device that produces
a magnetic field that interacts with a permanent magnet
is shown in Figure 6B. The actuator device 408 includes
a coil 408a, a moving magnet 4089 that is attached to a
shaft 408h, a piston 408d that is attached to the shaft
408h, a flexible member like a diaphragm or bellows
408e, a guide means like bushings 408k and an outer
case 408m. The coil can be energized by power elec-
tronics that are located remotely through a cable that is
not shown. The outer piston face acts on the working
fluid 412. Energizing the coil 408a produces a Lorentz
force that acts on the permanent magnet 408g and caus-
es the magnet to move axially, for example, in an upward
direction. Areversal of the current applied to the coil 408a
will cause a reversal of the Lorentz force acting on the
permanent magnet and the piston will retract. For exam-
ple, a sinusoidal varying coil current willinduce reciprocal
sinusoidal motion of the permanent magnet and attached
piston. The bushings 408k act as guides to keep the mag-
net centered and allow axial motion. The diaphragm or
bellows 408e are connected between the piston 408d
and the actuator case 408m. The interior volume of the
actuator may be filled with a nonconductive fluid, like min-
eral oil 408q. The fluid 408q provides a means for fluid
cooling of the coil 408a. The diaphragm or bellows 408e
isolates the pressure in working fluid 412 developed by
the action of the piston from the fluid in the interior of the
actuator 408q. Holes 408p allow for the fluid to circulate
freely in the interior of the actuator to promote cooling
and the free motion of the piston thereby allowing the
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fluid 408q to communicate with 412. Other types of ac-
tuator devices may be used as would be recognized by
those skilled in the art. A diameter d of the piston 408d
may be about 6 cm while a diameter D of the entire source
may be around 18 cm. Other dimensions are possible.
[0037] The two actuator devices 408 and 410 may be
fixed at ends of the inner tank 406. Thus, the working
fluid 412 may be allowed between the actuator devices.
A sealed and pressurized fluid bladder 416 may be pro-
vided between the free ends of the actuator devices 408
and 410. The bladder may be filled with nitrogen under
pressure. The bladder is supported by screens 418.
Screens 418 prevent the bladder 416 to drift toward one
of the actuator devices and also allow the fluid 412 to
move past the screens. A height h of the bladder may be
around 0.4 m while a height of the entire source may be
around 2.2 m. Other dimensions are also possible. The
inner tank 406 may be centered relative to the outer tank
402 by using springs 420. In other words, the springs
provided above and below the inner tank 406 keep the
actuator devices centered inside the outer tank 402 and
provide vibration isolation from the tank’s walls. Further,
the inner tank may have an orifice 422 that communicates
the fluid inside the inner tank with the fluid of the outer
tank 402 to help balance, as stated before, the hydrostatic
pressure across the pistons.

[0038] The bladder allows for fluid expansion due to
temperature rise. For the case illustrated in Figures 6A-B,
a 50° C temperature rise may cause about a 30% de-
crease in the air volume inside the bladder. Thus, the air
bladder helps to maintain constant the hydrostatic pres-
sure and lowers the internal spring rate. The screens 418
keep the bladder from over-expanding when the fluid is
not under pressure, e.g., before installation.

[0039] In one exemplary embodiment, the walls of the
outer tank 402 are made of thin steel while the walls of
the inner tank 406 are made of thick steel. The
thick-walled innertank 406 isolates the internal oil volume
of the actuator devices from the volume of the fluid 412.
[0040] A method for driving a source as described
above is now discussed with regard to Figure 7. Figure
7 illustrates a method for actuating a land seismic source
that includes a step 700 of burying the land seismic
source underground; a step 702 of sending commands
to an actuation mechanism provided inside a cavity of
the land seismic source, wherein the actuation mecha-
nism is configured to have at least one movable part that
moves back and forth, when instructed by the com-
mands; and a step 704 of transforming with a first fluid,
provided inside the cavity and around the actuation
mechanism, the back-and-forth movement of the at least
one movable part into a varying pressure that directly
acts on walls of the tank to generate a seismic wave
having a desired frequency.

[0041] The above-noted seismic sources may be con-
trolled with an amplifier 234 as shown in Figures 4B and
5B. The amplifier 234 may be electrically connected to a
controller 130. Such a controller capable of carrying out
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operations in accordance with the exemplary embodi-
ments is illustrated in Figure 8. Hardware, firmware, soft-
ware or a combination thereof may be used to perform
the various steps and operations described herein.
[0042] The exemplary controller 800 suitable for per-
forming the activities described in the exemplary embod-
iments may include a server 801. Such a server 801 may
include a central processor (CPU) 802 coupled to a ran-
dom access memory (RAM) 804 and to a read-only mem-
ory (ROM) 806. The ROM 806 may also be other types
of storage media to store programs, such as program-
mable ROM (PROM), erasable PROM (EPROM), etc.
The processor 802 may communicate with other internal
and external components through input/output (I/O) cir-
cuitry 808 and bussing 810, to provide control signals
and the like. The processor 802 carries out a variety of
functions as are known in the art, as dictated by software
and/or firmware instructions.

[0043] The server 801 may also include one or more
data storage devices, including a hard drive 812,
CD-ROM drives 814, and other hardware capable of
reading and/or storing information such as DVD, etc. In
one embodiment, software for carrying out the above-
discussed steps may be stored and distributed on a CD-
ROM 816, removable memory device 818 or other form
of media capable of portably storing information. These
storage media may be inserted into, and read by, devices
such as the CD-ROM drive 814, the disk drive 812, etc.
The server 801 may be coupled to a display 820, which
may be any type of known display or presentation screen,
such as LCD, LED displays, plasma displays, cathode
ray tubes (CRT), etc. A user input interface 822 is pro-
vided, including one or more user interface mechanisms
such as a mouse, keyboard, microphone, touchpad,
touch screen, voice-recognition system, etc.

[0044] The server 801 may be coupled to other com-
puting devices, such as the landline and/or wireless ter-
minals via a network. The server may be part of a larger
network configuration as in a global area network (GAN)
such as the Internet 828, which allows ultimate connec-
tion to the various landline and/or mobile client devices.
The controller may be implemented on a vehicle that per-
forms a land seismic survey.

[0045] Inaddition, the controller 800 may include a dig-
ital to analog block 830 configured to take control signals
to generate an analog amplifier input signal. This signal
may be provided to the amplifier 234 as shown in Figure 8.
[0046] The disclosed exemplary embodiments provide
a source and a method for monitoring a reservoir. It
should be understood that this description is notintended
to limit the invention. On the contrary, the exemplary em-
bodiments are intended to cover alternatives, modifica-
tions and equivalents, which are included in the spiritand
scope of the invention as defined by the appended
claims. Further, in the detailed description of the exem-
plary embodiments, numerous specific details are set
forth in order to provide a comprehensive understanding
of the claimed invention. However, one skilled in the art
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would understand that various embodiments may be
practiced without such specific details.

[0047] Although the features and elements of the
present exemplary embodiments are described in the
embodiments in particular combinations, each feature or
element can be used alone without the other features
and elements of the embodiments or in various combi-
nations with or without other features and elements dis-
closed herein.

[0048] This written description uses examples of the
subject matter disclosed to enable any person skilled in
the art to practice the same, including making and using
any devices or systems and performing any incorporated
methods. The patentable scope of the subject matter is
defined by the claims, and may include other examples
that occur to those skilled in the art. Such other examples
are intended to be within the scope of the claims.

Claims

1. Aland seismic source (100) configured to generate
seismic waves underground, the source comprising:

a tank (102) configured to be buried under-
ground, the tank (102) having a cavity (104);
an actuation mechanism (105) provided inside
the cavity (104), wherein the actuation mecha-
nism (105) is configured to have at least one
movable part (1 06b) that moves back and forth
to generate a seismic wave having a desired
frequency; and

afirstfluid (112) provided inside the cavity (104)
and around the actuation mechanism (105) and
configured to transform the back and forth move-
ment of the at least one movable part (1 06b)
into a varying pressure that directly acts on walls
(1 02a) of the tank (102).

2. Thesource of Claim 1, wherein the tank is cylindrical
and has a height and diameter so that it can be low-
ered in a borehole.

3. The source of Claim 1, wherein the actuation mech-
anism comprises:

first and second coils; and

first and second pistons configured to move
back and forth when actuated by the first and
second coils,

wherein the first and second pistons form an in-
ner cavity configured to hold a second fluid.

4. The source of Claim 3, wherein the first fluid is oil
and the second fluid is a gas.

5. The source of Claim 3, wherein the first and second
fluids are oil.
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6. The source of Claim 3, wherein the cavity is config-
ured to communicate with a first fluid reservoir and
the inner cavity is configured to communicate with a
second fluid reservoir.

7. Thesource of Claim 6, wherein the first fluid reservoir
has a bladder that separates the first fluid from a
third fluid under pressure.

8. The source of Claim 1, further comprising:
springs configured to maintain the actuation

mechanism in a central position relative to the
tank.

9. The source of Claim 1, further comprising:

aninner tank provided inside the tank and sand-
wiched between actuation devices of the actu-
ation mechanism.

10. The source of Claim 9, wherein the inner tank has
an orifice that communicates with the cavity of the
tank.

11. The source of Claim 1, further comprising:

a controller configured to control the movement
of the actuation mechanism, wherein the con-
troller is located above ground.

12. A land seismic source (400) configured to generate
seismic waves underground, the source comprising:

an outer tank (402) having a cavity (403) filled
with a working fluid (412);

an inner tank (406) provided inside the cavity
(403); and

first and second actuation devices (408, 410)
provided inside the inner tank (406), each of the
first and second actuation devices (408, 410)
having a corresponding piston,

wherein the working fluid transforms back and
forth movement of the pistons of the first and
second actuation devices into a varying pres-
sure that directly acts on walls of the outer tank
(402).

13. The source of Claim 12, further comprising:

a fluid bladder provided between the first and
second actuation devices and inside the inner
tank, wherein the fluid bladder is configured to
accommodate a fluid and the fluid bladder is
sealed.

14. A method for actuating a land seismic source, the
method comprising:
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burying the land seismic source (100) under-
ground;

sending commands to an actuation mechanism
(105) provided inside a cavity (104) of the land
seismic source (100), wherein the actuation 9%
mechanism (105) is configured to have at least

one movable part (1 06b) that moves back and
forth, when instructed by the commands; and
transforming with a first fluid (112), provided in-
side the cavity (104) and around the actuation 170
mechanism (105), the back and forth movement

of the at least one movable part (106b) into a
varying pressure that directly acts on walls
(102a) of the tank (102) to generate a seismic
wave having a desired frequency. 15

15. A land seismic source (10) configured to generate
seismic waves underground, the source comprising:

atank (12) configured tobe buried underground, 20
the tank (12) having a cavity filled with a fluid
(14); and

an actuation mechanism (20) fluidly connected

to the tank (12) and configured to pump the fluid

(14) in and out to generate a varying pressure 25
that directly acts on walls of the tank (12),

wherein the varying pressure generates the
seismic waves.
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Figure 7

/700

Burying the land seismic source underground

l (-——702

Sending commands to an actuation mechanism provided inside a cavity
of the land seismic source, wherein the actuation mechanism is configured
to have at least one movable part that moves back and forth, when
instructed by the commands

l 704

Transforming with a first fluid, provided inside the cavity and around the

actuation mechanism, the back and forth movement of the at least one

movable part into a varying pressure that directly acts on walls of the tank
to generate a seismic wave having a desired frequency
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